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Experimental 

Crystal data 

[ZnCC^HwOeXQ^K,)] 

M, = 690.00 

Monoclinic, P2i/c 

a = 10.8382 (9) A 

b = 17.3428 (16) A 

c = 17.7939 (17) A 

/3 = 100.781 (1)° 

Data collection 

Bruker SMART-1000 CCD 

diffractometer 
Absorption correction: multi-scan 

(SADABS; Sheldrick, 1996) 
= 0.837, r max = 0.889 

Refinement 

R[F 2 > 2a(F 2 )] = 0.062 

W R(F 2 ) = 0.127 

S = 1.00 

5800 reflections 



V = 3285.6 (5) A 3 
Z = 4 

Mo Ka radiation 

= 0.80 mm~' 
T = 298 K 

0.23 x 0.17 x 0.15 mm 



16511 measured reflections 
5800 independent reflections 
2460 reflections with / > 2a(I) 
R iM = 0.111 



433 parameters 

H-atom parameters constrained 
A/w = 0.67 e A~ 3 
Ap^ = -0.68 e A~ 3 



In the title compound, [Zn(C 2 3H 1 40 6 )(C 1 4H 1 4N 4 )]„, the Zn 11 
ion is four-coordinated in a distorted tetrahedral geometry. 
The l,3-bis(imidazol-l-ylmethyl)benzene and 2,2'-dihydroxy- 
l,l'-methylenebis(naphthalene-3-carboxylate) ligands con- 
nect the Zn 11 ions alternately in different directions, forming 
a layered structure parallel to the ac plane. Topological 
analysis reveals that the whole structure is a (4,4) network. 
The layers are further assembled into a three-dimensional 
supramolecular structure via C— H- ■ O and C— H- ■ -jt inter- 
actions. 

Related literature 

For background to metal-organic frameworks, see: Luo et al. 
(2009); Wei et al. (2010). For related structures, see: Wang et al. 
(2011); Fan et al (2005); Zhou et al. (2008); Li et al. (2010); 
Feng et al. (2009); Xu et al (2009); Batten & Robson (1998). 




Table 1 

Hydrogen-bond geometry (A, °). 

Cgl, Cgl and Cg3 are the centroids of the C8-C13, C18-C23 and C4-C9 rings, 
respectively. 



D-H-A 


D-H 


n-A 


D-A 


D-H-A 


03-H3-02 


0.82 


1.81 


2.555 (5) 


150 


06-H6- ■ OS 


0.82 


1.76 


2.502 (5) 


150 


C30-H30B- ■ 06' 


0.97 


2.54 


3.350 (7) 


141 


C26-H26- ■ Cgl" 


0.93 


2.79 


3.676 (8) 


161 


C29-H29- ■ Cgl™ 


0.93 


2.76 


3.502 (7) 


137 


C30-H30A- ■ Cg3" 


0.97 


2.71 


3.628 (6) 


158 


Symmetry codes: 


(l) --v. - 


y + 1, -z + 1; 


(ii) -x, y - 1, - 


+ (Hi) 



-x + 1, -y + 1, -z + 1. 

Data collection: SMART (Bruker, 2007); cell refinement: SAINT 
(Bruker, 2007); data reduction: SAINT: program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
SHELXTL (Sheldrick, 2008); software used to prepare material for 
publication: SHELXTL. 

This work was supported by the National Natural Science 
Foundation of PR China (grant No. 20801025) and the 
Shandong Tai-Shan Scholar Research Fund. 

Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: VM2140). 
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Polyl^-l^-bisOmidazol-l-ylmethy^benzenel^-^^'-dihydroxy-ljl'-niethylenebisCnaphthalene- 
3-carboxylato)]zinc] 

Y. Peng, X. Wei, D. Li and S. Wang 
Comment 

In the past several years, the design and construction of metal-organic frameworks (MOFs) have received more attention due 
to their intriguing architectures and potential applications in ion-exchange, heterogeneous catalysis and gas storage (Luo et 
al, 2009; Wei et al, 2010). Much interest was focused on the coordination chemistry of semirigid polycarboxylate ligands 
and flexible exo-bidentate N-heterocycle ligands (Wang et al, 2011; Fan et al., 2005; Zhou et at, 2008; Li et al, 2010; 

Feng et al., 2009; Xu et al, 2009). Herein, we selected pamoic acid (FFiPA, 4,4 -methylenebis(3 -hydro xy-2-naphthalene- 

carboxylic acid)) as building unit. Coexistence of naphthalene rings and the central sp carbon atom makes this symmetrical 
aromatic dicarboxylate ligand possess both rigid and flexible character. Solvothermal reactions of this ligand with m-bix 

(l,3-bis(imidazol-l-ylmethyl)benzene) and Zn 11 salt led to the title compound, [Zn(PA)(m-bix)] n . 

The title compound crystallizes in the space group P2i/c and exhibits a two-dimensional layered structure. The asymmet- 

TT 9 

ric unit is composed of one crystallographically independent Zn ion, one PA " anion ligand as well as one m-bix ligand. The 

II 2 
Zn ion is four-coordinated by two carboxylate oxygen atoms from two different PA ~ ligands and two nitrogen atoms from 

two m-bix ligands. The Zn-0 and Zn-N bond lengths lie in the normal range of 1.957 (4)-2.009 (5)A, while the O-Zn-N 
and O - Zn - 0 angles are in the range of 98.40 (16)-128.6 (2)°, indicating a much distorted tetrahedral coordination geo- 
metry around the metal center. As shown in Fig. 1 , m-bix ligand in this case adopts a bis(monodentate) bridging coordination 

mode, linking Zn 11 ions to form one-dimensional chains along the a axis with a dihedral angle between the two terminal 

imidazole rings of 49.5 (7)°. These chains are connected further by the deprotonated PA " ligand in trans conformation 
bis(monodentate) bridging coordination mode with the dihedral angle between two naphthyl rings of 97. 1 (9)°. As a result, a 
two-dimensional corrugated layer structure is generated along the ac plane (Fig. 2). The metal - metal distances separated by 

m-bix and PA 2 " ligands are 15.27 (5) and 10.83 (8)A, respectively. From a topological viewpoint, the whole structure is a (4, 

4) network (Batten et al , 1998) considering the Zn 11 ions as four-connected nodes (Fig. 4). The carboxyl groups and adjacent 
hydroxyl groups are linked by intramolecular O-H -0 hydrogen bonds. Adjacent layers are further stacked through C-H -0 
and C-H -Ti weak interactions, resulting in the present three-dimensional supramolecular structure (Fig. 3 and Table 1). 

Experimental 

A mixture of Zn(NO 3 )2.6H 2 O(0.1mmol), H 2 PA(0.1mmol), m-bix(O.lmmol), DMF(6ml) and H 2 0(4ml) was placed in a 
teflon reactor and heated at 80°C for 48h. After cooling to room temperature, colorless crystals suitable for X-ray diffraction 
were obtained with 42% yield based on Zn(N03)2-6H20. 
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Refinement 

All H atoms were placed in geometrically idealized positions (O — H 0.82, C — H 0.97(methylene), C — H 0.93(imidazolyl) 
C — H 0.93(naphthyl)A) and treated as riding on their parent atoms, with £/j S0 (H) = 1.5(7 e q(0), £/i S0 (H) = 1.2C/ e q(C). 



Figures 



V 

^ 1 



Fig. 1 . ORTEP drawing of the asymmetric unit of the title compound with 30% probability 
displacement ellipsoids. Symmetry codes: (i) x- l,y, z. (ii) x- 1, -y+ 3/2, z - 1/2. 
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Fig. 2. View of the two-dimensional layer of the title compound along the ac plane. PA " and 
m-bix ligands are shown in red and blue, respectively. 



Fig. 3. View of the three-dimensional supramolecular network, showing the weak interactions 
between adjacent layers. C-H--0 and C-H - ji interactions are represented by green and pink 
dashed lines, respectively. 



Fig. 4. View of the (4, 4) network of the title compound, considering the Zn 11 ions as four- 
connected nodes. 



Poly[[u2-1,3-bis(imidazol-1-ylmethyl)benzene][u2-2,2'-dihydroxy-1,1 '- methylenebis(naphthalene-3- 
carboxylato)]zinc] 



Qystal data 

[Zn(C23Hi40 6 )(Ci4H 14 N4)] 
M,-= 690.00 
Monoclinic, P2\lc 
Hall symbol: -P 2ybc 
a = 10.8382 (9) A 
b= 17.3428 (16) A 
c= 17.7939 (17) A 
(3= 100.781 (1)° 

V= 3285.6 (5) A 3 
Z = 4 



^(000) = 1424 

D x = 1.395 MgnT 3 

Mo radiation, X = 0.71073 A 

Cell parameters from 1774 reflections 

6 = 2.3-26.1° 

H = 0.80 mnT 1 

J=298K 

Block, colorless 

0.23x0.17x0.15 mm 



Data collection 

Bruker SMART- 1000 CCD 
diffractometer 



5800 independent reflections 
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Radiation source: fine-focus sealed tube 

graphite 

phi and co scans 

Absorption correction: multi-scan 
(SADABS; Sheldrick, 1996) 
r min = 0.837, J max = 0.889 
165 1 1 measured reflections 



2460 reflections with / > 2o(I) 
*int=0.111 

^max ~~ 25.0 , 0 m j n ~~ 2.2 

h = -7->12 

k = -20^18 
/ = -21— »19 



Refinement 



Refinement on F 
Least-squares matrix: full 
R[F 2 > 2o(F 2 )] = 0.062 
wR(F 2 ) = 0.127 
S= 1.00 

5800 reflections 
433 parameters 
0 restraints 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 

w = V[o 2 (F 2 ) + (0.0236P) 2 ] 
where P = (F 0 2 + 2F 2 )/3 
(A/o) max = 0.001 

Apmax = 0.67 e A~ 3 
Apmin = -0.68 e A~ 3 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 




Znl 


-0.39449 (6) 


0.50406 (4) 


0.24221 (4) 


0.0467 (2) 


Ol 


-0.3107 (4) 


0.5943 (2) 


0.2949 (2) 


0.0604 (12) 


02 


-0.1690(4) 


0.5185 (2) 


0.3671 (2) 


0.0699 (12) 


03 


-0.0023 (4) 


0.57744 (19) 


0.4719 (2) 


0.0619 (12) 


H3 


-0.0409 


0.5448 


0.4434 


0.093* 


04 


0.5308 (4) 


0.9456 (2) 


0.6440 (2) 


0.0611 (12) 


05 


0.3738 (4) 


0.9219 (2) 


0.7034 (2) 


0.0763 (14) 


06 


0.2189 (4) 


0.8163 (2) 


0.6615 (2) 


0.0700 (13) 


H6 


0.2553 


0.8513 


0.6876 


0.105* 


Nl 


-0.1407 (4) 


0.3384 (3) 


0.1945 (3) 


0.0495 (13) 


N2 


-0.2782 (4) 


0.4302 (3) 


0.2033 (3) 


0.0495 (13) 


N3 


0.3730 (5) 


0.4304 (3) 


0.3875 (3) 


0.0554 (13) 


N4 


0.5190 (5) 


0.4570 (3) 


0.3194 (3) 


0.0532 (13) 


CI 


-0.2182 (6) 


0.5840 (4) 


0.3479 (3) 


0.0505 (16) 


C2 


0.4305 (7) 


0.9104 (3) 


0.6495 (4) 


0.0503 (16) 


C3 


0.1095 (5) 


0.7031 (3) 


0.5576 (3) 


0.0495 (15) 


H3A 


0.1300 


0.6487 


0.5626 


0.059* 


H3B 


0.0865 


0.7195 


0.6052 


0.059* 


C4 


-0.0044 (6) 


0.7121 (3) 


0.4946 (3) 


0.0386 (12) 


C5 


-0.0545 (5) 


0.6475 (3) 


0.4542 (3) 


0.0446(15) 


C6 


-0.1615 (5) 


0.6530 (3) 


0.3926 (3) 


0.0424 (14) 


C7 


-0.2144 (5) 


0.7256 (3) 


0.3752 (3) 


0.0503 (16) 


H7 


-0.2815 


0.7305 


0.3344 


0.060* 
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C8 


-0.1694 (6) 


0.7915 (3) 


0.4174 (3) 


0.0525 (16) 


C9 


-0.0664 (5) 


0.7846 (3) 


0.4788 (3) 


0.0445 (15) 


CIO 


-0.0301 (6) 


0.8524 (3) 


0.5231 (3) 


0.0536 (17) 


HIO 


0.0375 


0.8493 


0.5638 


0.064* 


Cll 


-0.0892 (7) 


0.9204 (4) 


0.5084 (4) 


0.070 (2) 


Hll 


-0.0649 


0.9625 


0.5402 


0.084* 


C12 


-0.1880 (8) 


0.9278 (4) 


0.4450 (5) 


0.080 (2) 


H12 


-0.2263 


0.9755 


0.4338 


0.096* 


C13 


-0.2281 (6) 


0.8654 (4) 


0.3996 (4) 


0.0688 (19) 


H13 


-0.2929 


0.8708 


0.3576 


0.083* 


C14 


0.2276 (5) 


0.7466 (3) 


0.5483 (3) 


0.0448(15) 


C15 


0.2754 (6) 


0.8037 (3) 


0.5997 (3) 


0.0468 (15) 


C16 


0.3828 (5) 


0.8488 (3) 


0.5920 (3) 


0.0443 (15) 


C17 


0.4395 (5) 


0.8354 (3) 


0.5311 (3) 


0.0511 (16) 


H17 


0.5063 


0.8666 


0.5241 


0.061* 


C18 


0.3996 (5) 


0.7754 (3) 


0.4782 (3) 


0.0486 (15) 


C19 


0.2920 (5) 


0.7298 (3) 


0.4877 (3) 


0.0431 (14) 


C20 


0.2585 (6) 


0.6664 (3) 


0.4362 (3) 


0.0530 (16) 


H20 


0.1903 


0.6353 


0.4407 


0.064* 


C21 


0.3278 (6) 


0.6513 (3) 


0.3798 (3) 


0.0605 (18) 


H21 


0.3052 


0.6097 


0.3472 


0.073* 


C22 


0.4289 (7) 


0.6959 (4) 


0.3705 (4) 


0.074 (2) 


H22 


0.4727 


0.6849 


0.3316 


0.088* 


C23 


0.4644 (6) 


0.7565 (4) 


0.4189 (4) 


0.0646 (18) 


H23 


0.5332 


0.7862 


0.4125 


0.077* 


C24 


-0.2301 (6) 


0.3633 (3) 


0.2317(3) 


0.0512(16) 


H24 


-0.2551 


0.3372 


0.2720 


0.061* 


C25 


-0.2178 (7) 


0.4463 (4) 


0.1459 (4) 


0.082 (2) 


H25 


-0.2320 


0.4898 


0.1150 


0.098* 


C26 


-0.1329 (7) 


0.3902 (4) 


0.1392 (4) 


0.081 (2) 


H26 


-0.0802 


0.3880 


0.1036 


0.098* 


C27 


0.3969 (6) 


0.4536 (3) 


0.3211 (3) 


0.0494(15) 


H27 


0.3345 


0.4664 


0.2796 


0.059* 


C28 


0.5744 (6) 


0.4335 (4) 


0.3922 (4) 


0.071 (2) 


H28 


0.6606 


0.4293 


0.4096 


0.085* 


C29 


0.4875 (7) 


0.4179 (4) 


0.4341 (4) 


0.079 (2) 


H29 


0.5015 


0.4017 


0.4848 


0.095* 


C30 


-0.0691 (6) 


0.2657 (3) 


0.2106 (3) 


0.0576 (17) 


H30A 


-0.0437 


0.2486 


0.1639 


0.069* 


H30B 


-0.1246 


0.2267 


0.2249 


0.069* 


C31 


0.2486 (6) 


0.4144 (3) 


0.4057 (3) 


0.0644(18) 


H31A 


0.1919 


0.4568 


0.3884 


0.077* 


H31B 


0.2554 


0.4094 


0.4607 


0.077* 


C32 


0.0448 (6) 


0.2705 (3) 


0.2720 (3) 


0.0489 (16) 


C33 


0.0892 (6) 


0.3386 (3) 


0.3090 (3) 


0.0545 (16) 


H33 


0.0464 


0.3845 


0.2953 


0.065* 


C34 


0.1966 (6) 


0.3394 (4) 


0.3661 (4) 


0.0567 (17) 


C35 


0.2594 (6) 


0.2702 (4) 


0.3865 (4) 


0.0680 (19) 


H35 


0.3304 


0.2691 


0.4250 


0.082* 



sup-4 



supplementary materials 



C36 


0.2149 (7) 


0.2026 (4) 


0.3485 (4) 


0.070 (2) 




H36 


0.2580 


0.1566 


0.3610 




0.084* 




C37 


0.1091 (6) 


0.2030 (4) 


0.2934 (4) 


0.0598(18) 




H37 


0.0797 


0.1569 


0.2699 




0.072* 




Atomic displacement parameters (A 2 ) 












U u 


U 22 


(7 33 


U 12 


u 


U 


Znl 


0.0379 (4) 


0.0440 (4) 


0.0570 (4) 


0 00 1 3 (41 


a aa^a fi\ 

u.uur>y {3 ) 


Pi AAT1 fA \ 

U.UUZ3 (4) 


Ol 


0.053 (3) 


0.063 (3) 


0 060 ni 


-0 009 (21 


—U.UUZ (Z ) 


A AAA /">\ 

U.UUU \1) 


02 


0.064 (3) 


0.047 (3) 


0 089 (31 


-0 008 (21 


— U.U1Z (Z ) 


Pi P1P16. /' r >^ 

—U.UUo (Z ) 


03 


0.056 (3) 


0.029 (2) 


0.091 (3) 


-0 004 (21 

U.UU^ y^. J 


U.U1Z [Z) 


A AAI 

U.UU1 {Z) 


04 


0.057 (3) 


0.054 (3) 


0.068 (3) 


-0 Oil (21 


Pi AA 1 /")\ 

U.UU1 yl) 


Pi AA 1 

— U.UU1 (ZJ 


05 


0.086 (4) 


0.079 (3) 


0 064 ni 

\j .uui y*j t 


-0 025 (31 


a a 1 a fi\ 
U.U14 (3 ) 


— U.UZo {3 ) 


06 


0.075 (3) 


0.084 (3) 


0 055 (31 


-0.031 (3) 


U.UZZ (3 ) 


A A 1 Q /TA 

— u.uiy (z ) 


Nl 


0.041 (3) 


0.049 (3) 


0 060 (31 


0.011 (3) 


U.U13 \3 ) 


A AA/1 ( 'X\ 

U.UU4 (3 ) 


N2 


0.045 (3) 


0.051 (3) 


0.053 (3) 


0 009 (31 


a ai a ni 
U.U1U {3 ) 


Pi P1P1Q f1\ 

U.UUo {3 ) 


N3 


0.044 (4) 


0.062 (3) 


0 062 (41 

\J .\J\J ^ yi I 


-0 005 (31 


U.U13 [d ) 


A AAI (1\ 

U.UU3 (3 ) 


N4 


0.048 (4) 


0.059 (3) 


0.053 (3) 


0 010 (31 


U.UU8 yj ) 


A AA/1 /a\ 

U.UU4 (3 ) 


CI 


0.048 (5) 


0.048 (4) 


0.057 (4) 


-0.011 (4) 


AA11 
U.U1 1 {D ) 


A aat 
U.UUZ (3 ) 


C2 


0.050 (5) 


0.049 (4) 
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C3 
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Pi AAA f1\ 

U.UUU {3 ) 


CIO 


0.048 (4) 


0.053 (4) 


0.063 (4) 


-0 008 (41 


Pi Pi 1 Q f1\ 

U.Ulo {3 ) 


Pi AAA f1\ 

—u.uuy {3 ) 


Cll 


0.077 (6) 


0.042 (4) 


0 096 (61 


-0 012 (41 


Pi PiI 1 /^A 

U.U3 1 [p) 


Pi A1 0 (A\ 
— U.U1Z (4 ) 


C12 


0.077 (6) 


0.039 (4) 


0.129 (7) 


0 005 (41 


Pi PiI^ 


A AAT (A\ 

U.UUZ (4 ) 


C13 


0.052 (5) 


0.060 (4) 


0.096 (5) 


0.011 (4) 


Pi Pi 1 Q (A \ 

U.Ulo (4 ) 


A A 1 Q (A\ 

u.uiy (4j 


C14 


0.041 (4) 


0.049 (4) 


0.046 (4) 


-0 005 (31 


A An f1\ 

U.U13 [d) 


A AA 1 fl\ 

U.UU1 {3 ) 


C15 


0.048 (4) 


0.053 (4) 


0.040 (4) 


-0 012 (31 


a ah <"i\ 
U.U1Z {3 ) 


A AA/1 <"1\ 

U.UU4 {3 ) 


C16 


0.043 (4) 


0.043 (3) 


0.044 (4) 


-0 001 (31 


A AAA fl\ 

U.UUU {3 ) 


A aao 
U.UUZ {3 ) 


C17 


0.037 (4) 


0.052 (4) 


0.061 (4) 


-0 008 (31 


Pi P1P1I f1\ 

U.UU3 {3 ) 


Pi P1P1A S1\ 

U.UU4 {3 ) 


C18 


0.039 (4) 


0.055 (4) 


0.050 (4) 


-0 001 (31 


a pipi/z /a\ 
U.UUo {d ) 


A A 1 A /"5\ 
U.U1U {3 ) 


C19 


0.033 (4) 


0.042 (3) 


0.052 (4) 


0 001 (31 


A aai /a\ 
U.UU1 {3 ) 


A AAT 

U.UUZ {3 ) 


C20 


0.051 (4) 


0.051 (4) 


0.054 (4) 


0 003 (31 


Pi AAA 
U.UUU {j ) 


Pi AAA f1\ 

—u.uuy {3 ) 


C21 


0.054 (5) 


0.065 (4) 


0 OSQ (41 

U.UJ7 J 


O OOO (£\ 


Pi AAI fA\ 

U.UU3 (4J 


Pi PiI Q fA\ 

—U.Ulo (4 ) 


C22 


0.059 (5) 


0.100 (6) 


0.065 (5) 


0.000 (5) 


A AT 1 (A \ 

U.UZ1 (4J 


Pi PiI A fA\ 
— U.U14 (4 ) 


C23 


0.052 (5) 


0.074 (5) 


0.070 (5) 


-0.006 (4) 


A A 1 C (A \ 

U.UIj (^4J 


A AA C /A \ 

U.UUj (4 ) 


C24 


0.045 (4) 


0.054 (4) 


0.057 (4) 


0.004 (3) 


U.Ulo (3) 


A AA*7 

U.UU / (3) 


C25 


0.104 (7) 


0.070 (5) 


0.083 (5) 


0.026 (5) 


0.047 (5) 


0.028 (4) 


C26 


0.091 (6) 


0.082 (5) 


0.086 (5) 


0.027 (5) 


0.056 (5) 


0.023 (4) 


C27 


0.043 (4) 


0.056 (4) 


0.049 (4) 


-0.002 (3) 


0.006 (3) 


0.010(3) 


C28 


0.033 (4) 


0.091 (5) 


0.088 (5) 


-0.007 (4) 


0.010(4) 


0.027 (4) 


C29 


0.060 (5) 


0.105 (6) 


0.066 (5) 


-0.004 (5) 


-0.005 (4) 


0.025 (4) 
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C3U 


U.U j4 ) 


a A/in ( A\ 


A A71 iA \ 
U.U / 1 ^4 ) 


A A1 f\ fl\ 

U.U1U [ J ) 


A A1 A (A\ 

U.U 14 y\ ) 


A AA1 CX\ 

U.UU3 \D ) 


r^i 1 


U.U45 p j 


U.U /U [p ) 


U.U 1 1 (J) 


A AA1 fA\ 

U.UUJ 


A A 1 C {A \ 

U.UlD (4j 


A AA/; t A\ 
U.UUO (4j 


C32 


0.042 (4) 


A ACT / A \ 

0.052 (4) 


A AC /I //I \ 

0.054 (4) 


A AAZZ /T\ 

0.006 (3) 


A A 1 A /1\ 

0.014 (3) 


A A A C /1\ 

0.005 (3) 


C33 


0.040 (4) 


0.048 (4) 


0.079 (5) 


0.003 (3) 


0.019(4) 


0.002 (4) 


C34 


0.049 (5) 


0.055 (4) 


0.071 (5) 


-0.001 (4) 


0.025 (4) 


0.001 (4) 


C35 


0.055 (5) 


0.074 (5) 


0.073 (5) 


0.005 (4) 


0.009 (4) 


0.018(4) 


C36 


0.061 (5) 


0.051 (4) 


0.101 (6) 


0.016(4) 


0.021 (5) 


0.016(4) 


C37 


0.058 (5) 


0.051 (4) 


0.072 (5) 


0.005 (4) 


0.018(4) 


0.006 (4) 



Geometric parameters (A, °) 



Znl— Ol 


1.957 (4) 


C12— C13 


1.371 (8) 


Znl— N4' 


1.979 (5) 


C12— H12 


0.9300 


Znl— 04" 


1.985 (4) 


C13— H13 


0.9300 


Znl— N2 


2.009 (5) 


C14— C15 


1.382 (7) 


Ol— CI 


1.255 (7) 


C14— C19 


1.418 (7) 


02— CI 


1.274 (6) 


C15— C16 


1.430 (7) 


03— C5 


1.352 (6) 


C16— C17 


1.362 (7) 


03— H3 


0.8200 


C17— C18 


1.415 (7) 


04— C2 


1.267 (6) 


C17— H17 


0.9300 


04— Znl m 


1.985 (4) 


CI 8— C23 


1.412 (7) 


05— C2 


1.248 (6) 


C18— C19 


1.445 (7) 


06— CI 5 


1.372 (5) 


C19— C20 


1.435 (7) 


06— H6 


0.8200 


C20— C21 


1.386 (7) 


Nl— C24 


1.342 (6) 


C20— H20 


0.9300 


Nl— C26 


1.346 (6) 


C21— C22 


1.376 (8) 


Nl— C30 


1.480 (6) 


C21— H21 


0.9300 


N2— C24 


1.332 (6) 


C22— C23 


1.368 (8) 


N2— C25 


1.342 (6) 


C22— H22 


0.9300 


N3— C27 


1.318(6) 


C23— H23 


0.9300 


N3— C29 


1.374 (7) 


C24— H24 


0.9300 


N3— C31 


1.471 (7) 


C25— C26 


1.359 (8) 


N4— C27 


1.331 (6) 


C25— H25 


0.9300 


N4— C28 


1.383 (7) 


C26— H26 


0.9300 


N4— Znl iv 


1.979 (5) 


C27— H27 


0.9300 


CI— C6 


1.503 (7) 


C28— C29 


1.335 (8) 


C2— C16 


1.502 (7) 


C28— H28 


0.9300 


C3— C4 


1.512(7) 


C29— H29 


0.9300 


C3— C14 


1.521 (7) 


C30— C32 


1.490 (7) 


C3— H3A 


0.9700 


C30— H30A 


0.9700 


C3— H3B 


0.9700 


C30— H30B 


0.9700 


C4— C5 


1.387 (7) 


C31— C34 


1.535 (8) 


C4— C9 


1.429 (7) 


C31— H31A 


0.9700 


C5— C6 


1.442 (7) 


C31— H31B 


0.9700 


C6— C7 


1.393 (7) 


C32— C37 


1.379 (7) 


C7— C8 


1.405 (7) 


C32— C33 


1.394 (7) 


C7— H7 


0.9300 


C33— C34 


1.395 (8) 


C8— C9 


1.414(7) 


C33— H33 


0.9300 
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1.440 (7) 


C9— CIO 


1.428 (7) 


CIO— Cll 


1.344 (8) 


CIO— HIO 


0.9300 


Cll— C12 


1.409 (9) 


Cll— HI 1 


0.9300 


Ol— Znl— N4' 


103.57 (17) 


Ol— Znl— 04" 


98.40 (16) 


N4'— Znl— 04" 


128.6 (2) 


Ol— Znl— N2 


114.19(19) 


N4'— Znl— N2 


112.68(19) 


04" — Znl — N2 


99.00 (18) 


CI — Ol— Znl 


118.7 (4) 


C5 — 03 — H3 


109.5 


Cz — L)4 — Zn 1 


111 1 (d\ 
iii.i [ft) 


CI j — Uo — hlo 


1 aa £ 


Cz4 — JN 1 — Czo 


1 fin 1 
10/.2 p) 


Cz4 — JN 1 — C3U 


125.3 P) 


Mi pin 
CZO — JN 1 — C3U 


12 /.4 p ) 


pi A "\T1 PTC 

Cz4 — JNZ — Czj 


1 A/i n 

104. y p) 


r 1 ?^. N? 7n1 




C25— N2— Znl 


123.8 (4) 


C27— N3— C29 


106.4 (5) 


C27— N3— C31 


126.6 (6) 


C29— N3— C31 


126.7 (6) 


C27— N4— C28 


103.0 (5) 


C27— N4 — Znl iv 


129.5 (4) 


U26 — JN4 — Znl 


1 76 ^ <A\ 


Ul — CI — U2 


124.3 (6) 


/~n n r^/; 
Ul — Ul — Uo 


110 1 t tw 
116.3 (b) 


Uz — Ul — Uo 


1 1 H 1 

11 1.5 (6) 


/~*c f^"t r\A 
Uj — U2 — U4 


122.3 (6) 


U5 — U2 — U 1 0 


1 1 o o { £\ 
116.5 (O) 


U4 U2 — U 1 0 


116.6 (6) 


U4 — U3 — C 1 4 


in 1 //I \ 

11 /.I (4) 


/"^/1 Ul A 

U4 — U3 — Hi A 


1 AO A 
1U6.U 


C 1 4 — U3 — Hi A 


1 AO A 
1U6.U 


U4 — Uo — Hits 


1 AO A 
1U6.U 


n /i n inn 
U14 U3 — H3J3 


1 AO A 
1U6.U 


Ul A TT1D 

H3A — C3 — Hits 


1 A"7 1 

10 /.3 


/"^/1 i~*Ci 

UD — U4 — uy 


1 1 A A { £\ 

ny.u (6) 


/^C /^/l /^T 

U5 — C4 — C3 


lift 1 / £\ 

ny.2 (5) 


C9— C4— C3 


121.7 (5) 


03— C5— C4 


119.9 (5) 


03— C5— C6 


118.6(5) 


C4— C5— C6 


121.4 (5) 


C7— C6— C5 


117.9 (5) 



CM C35 


1 395 (K\ 


C35— C36 


1.393 (8) 


C35— H35 


0.9300 


C36— C37 


1.362 (8) 


C36— H36 


0.9300 


C37— H37 


0.9300 


CI 7— CI 6— C2 


120.9 (6) 


CI 5— CI 6— C2 


120.4 (5) 


C16— C17— C18 


121.8 (5) 


C16— C17— H17 


119.1 


C18— C17— H17 


119.1 


C23— CI 8— C17 


122.3 (6) 


C23 — C18 — C19 


119.1 (5) 


C17 — C18 — C19 


118.5 (5) 


C\A r"1Q P7f) 


ILL. 1 \J) 


/^1/1 no pin 
C14 — Ciy — Cl6 


1 1 A A f C\ 

ny.y (d) 


r")ft pin pio 

U2u — c i y — c 1 6 


nil 
11 /.3 P) 


pfti pin pi n 

C2 1 — U2U — u i y 


1 TA A I a\ 

12U.U (6) 


ni nA inn 
UZ 1 — U2U — rlZU 


1 OA A 

izu.u 


no pftft mA 
U 1 y — U2U — H2U 


1 TA A 

12U.U 


r^?i r^ici 
uzz UZ 1 — uzu 


1 77 7 
1ZZ.Z ^0 ) 


C22 — C21 — H21 


118.9 


C20— C21— H21 


118.9 


C23— C22— C21 


119.5 (6) 


C23— C22— H22 


120.2 


C21— C22— H22 


120.2 


C22— C23— C18 


121.9 (6) 


r?? CT\ HIT, 

k^ll — — riij 


1 1 Q 1 

117.1 


pio m uoi 
U 1 6 — U23 — H23 


1 1 A 1 

ny.i 


"\T1 /"^l/l \T1 

JN2 — C24 — JN 1 


111 1 i Z\ 

111.1 (5) 


\n r^T/i m/i 
IN 2 — U24 — H24 


1 ^A A 

1 24 .4 


JN 1 — C24 — H24 


1 1/1 A 

1 24 .4 


\Tft pftr pft/T 

JN2 — U25 — U26 


1 1ft £ //r\ 

111). 6 (6) 


JN2 — U25 — H25 


1 1/1 *7 

124. / 


r^i/: nc mc 
U26 — U25 — H25 


1 "1 A "7 

124. / 


JN 1 — C26 — C25 


i a/; i 
1U6.1 (D) 


\n /~it /; m/; 
JN 1 — U26 — H26 


1 n a 
12 /.U 


r^T/; m/: 
U2D — U26 — H26 


1 T7 A 
12 /.U 


IN3 — U2 / — JN4 


1 1 1 1 

113.3 (5) 


JN3 — C2 / — H2 / 


123.3 


M/1 UT7 

JN4 — U2 / — H2 / 


1 n i 
123.3 


C29— C28— N4 


110.8 (6) 


C29— C28— H28 


124.6 


N4— C28— H28 


124.6 


C28— C29— N3 


106.4 (6) 


C28— C29— H29 


126.8 


N3— C29— H29 


126.8 
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pi p/: p 1 
C / — Co — C 1 


1 1 n a 
liy.4 (5) 


pc p/: pi 
C5 — Co — C 1 


ill. I (5) 


p/: pi po 
Co — C / — Co 


ill n t £\ 
121.y (0) 


r^t. r*n in 
Co — C / — ri / 


11QA 

ny.u 


po t~*H in 
Co — C / — ri 1 


11A (1 

i ly.u 


f^i po pn 

c / — Co — cy 


1 1 n i 
i iy. i p ) 


pi po ni -i 
C / — Co — C 1 3 


1 in O 1 £\ 

120.0 (0) 


pn po ni -i 
CV — Co — C 1 3 


ny.y (o) 


po pn nfi 
Co — CV — C 1 0 


i i /; n { z\ 
116. y (5) 


po pn p/i 
Co — Cy — C4 


1 on 1 t £\ 
12U.1 (D j 


p 1 n pn ^ ■ a 

cio — cy — C4 


1 n n 

123.0 (6) 


ci i — cio — cy 


1 ti n //;\ 

122. y (0) 


n 1 pin ui/l 

CI 1 — CIU — H1U 


1 1 o /; 
llo.O 


pn pin ui/i 
cy — C 1 0 — ti 1 0 


1 1 o /; 
llo.O 


p 1 n pi i pn 
CIU — CI 1 — C12 


1 1 n n { £\ 

ny.y (o) 


pm pii XJ11 
CIU — CI 1 — nil 


1 in n 
12U.U 


pn pii ui i 
C12 — CI 1 — nil 


1 in n 
12U.U 


pn pn pii 
C 1 3 — C 1 2 — C 1 1 


i in /; 
120.6 ( /) 


pn pn tj 1 1 
C13 — C12 — H12 


1 1 n "7 

ny. / 


P11 pn u 1 1 
CI 1 — C12 — H12 


1 1 n "7 

ny. / 


pi 1 n i po 
CI 2 — CI 3 — Co 


urn fn\ 

ny. / (I) 


pi i pn Tin 
C12 — CI 3 — iil3 


1 in i 
12U.2 


PQ pi 1 TT1 1 

Co — C 1 3 — ri 1 3 


1 in i 
12U.2 


pi r pi/i pin 

ci5 — ci4 — ciy 


1 1 O 1 

llo.i (5) 


C15 — C14 — C3 


120.1 (5) 


C19— C14— C3 


121.6 (5) 


06— CI 5— C14 


118.5 (5) 


06— CI 5— C16 


118.9 (5) 


C14— C15— C16 


122.6 (5) 


C17— C16— C15 


118.7(5) 


N4'— Znl— Ol— CI 


71.0 (5) 


04"— Znl— Ol— CI 


-155.8 (4) 


N2— Znl— Ol— CI 


-51.9 (5) 


Ol— Znl— N2— C24 


101.2 (5) 


N4'— Znl— N2— C24 


-16.6(6) 


04"— Znl— N2— C24 


-155.3 (5) 


Ol— Znl— N2— C25 


-68.4 (5) 


N4'— Znl— N2— C25 


173.8 (5) 


04"— Znl— N2— C25 


35.1 (5) 


Znl— Ol— CI— 02 


4.7 (8) 


Znl— Ol— CI— C6 


-174.7 (3) 


Znl — 04 — C2 — 05 


15.3 (7) 


Znl'"— 04— C2— C16 


-160.4 (4) 


CI 4— C3— C4— C5 


119.1 (6) 


CI 4— C3— C4— C9 


-64.8 (7) 


C9— C4— C5— 03 


-175.4 (5) 


C3— C4— C5— 03 


0.8 (8) 



\n pm pii 
JN 1 — C30 — C32 


1 1 C 1 

115.3 (5) 


\n pm urn a 
JN 1 — C30 — H30A 


1 no a 
100.4 


pn pm urn a 
C32 — C30 — H30A 


1 no a 
100.4 


\n pm trmo 
JN 1 — C30 — riiUiS 


1 no a 
100.4 


pn pm trmo 
C32 — C30 — HiUhs 


1 no a 
100.4 


urn a pm ninD 
H30A — C30 — riJUts 


1 ni c 
10/. 5 


\n pi 1 pi^ 

JN 3 — C3 1 — C34 


1 nn i i c\ 
10y.3 (5) 


Ml 1^1 1 TTI 1 A 

JN3 — C3 1 — ii3 1 A 


1 no q 

loy.o 


PI A PI 1 U1 1 A 

C34 — C31 — H31A 


1 nn o 

loy.o 


\n pi 1 m 1 D 

JN3 — C3 1 — Hi lis 


1 nn o 

loy.o 


PQ/I PI 1 U1 1 TD 

C34 — C31 — H31J3 


1 nn o 

loy.o 


m 1 a pi 1 ui 1 r> 
Hi 1 A — C3 1 — Hi lis 


1 no i 
100.3 


pn pn pn 
C3 / — C32 — C33 


| IO r i £\ 

110.5 (6) 


pn pn pm 
C3 / — C32 — C3U 


in; { £\ 
11 / .5 (6) 


pn pn pm 
C33 — C32 — C3U 


i i/i n ia\ 
124.0 (6) 


pn pn pn 
C32 — C33 — C34 


111 i { £\ 
121.3 (6) 


pn pn urn 
C32 — C33 — H33 


1 1 n i 

ny.3 


pn pn urn 
C34 — C33 — H33 


1 1 n i 

ny.3 


pi^: pn pn 
C35 — C34 — C33 


1 1 O H { £\ 

llo./ (6) 


pi^: pn pn 
C35 — C34 — C3 1 


i i n A ( £\ 
liy.4 (6) 


pn pn pn 
C33 — C34 — C3 1 


111 o { a\ 
121.0 (6) 


Pl£ piC PI/1 

C36 — C35 — C34 


1 1 n A t £L\ 

liy.4 (6) 


r^i£ r^ic tiic 
C36 — C3j — tiiJ 


1 in i 
120.3 


pi/i pic uric 
C34 — C35 — H35 


1 in i 
120.3 


CM C36 C35 


1 20 9 rfii 


C37— C36— H36 


119.5 


C35— C36— H36 


119.5 


C36— C37— C32 


121.1 (6) 


C36— C37— H37 


119.5 


C32— C37— H37 


119.5 


05— C2— CI 6— CI 5 


-0.8 (8) 


04— C2— CI 6— C15 


175.1 (5) 


C15— C16— C17— C18 


-3.8 (8) 


C2— CI 6— CI 7— CI 8 


177.1 (5) 


CI 6— CI 7— CI 8— C23 


-174.2 (5) 


C16— C17— C18— C19 


3.0 (8) 


CI 5— CI 4— CI 9— C20 


173.1 (5) 


C3— CI 4— CI 9— C20 


-6.5 (8) 


C15— C14— C19— C18 


-4.0 (8) 


C3— CI 4— CI 9— C18 


176.4 (5) 


C23— CI 8— CI 9— C14 


178.3 (5) 


C17— C18— C19— C14 


1.0 (8) 


C23— C18— C19— C20 


1.1 (8) 


CI 7— CI 8— CI 9— C20 


-176.2 (5) 


CI 4— CI 9— C20— C21 


-177.7(5) 


CI 8— CI 9— C20— C21 


-0.6 (8) 


CI 9— C20— C21— C22 


-0.5 (9) 
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pn p/i pc P£ 
Cy — C4 — C5 — Co 


3.U (5) 


C2U — Cz 1 — CZZ — CZ J 


1 1/1 A\ 

1.1 (10) 


pi p/i pc P£ 
C3 — C4 — C5 — Co 


1 TO O 
—1 /O.O (3) 


nn nio 

CZ 1 — CZZ — CZ3 — C 1 o 


-\).D {[{)) 


p.1 pc p/: p~7 
U3 — C5 — Co — C / 


1 *7A O (C\ 

1 /y.o (3) 


nn no ni nil 
C 1 / — C 1 o — CZ3 — CZZ 


1 /o.o (o) 


p/i pc p/: p~7 
C4 — CD — Co — C / 


-U.O (o) 


C 1 V — C 1 o — CZo — czz 


-U.o \y) 


p.1 pc p/: p 1 
U3 — C5 — Co — C 1 


U.O (o) 


CZj — JNZ — CZ4 — JN 1 


1 1 (H\ 

1.1 (7) 


p/i pc P£ pi 
C4 — CD — Co — C 1 


— 1 fy.o (3 ) 


7„ 1 XT'") A \T 1 

Z,nl — JNZ — CZ4 — JN 1 


— 1 /U.U (4 ) 


r\\ pi P£ c^n 
Ul — CI — Co — C / 


1.3 (8) 


CZ0 — JN 1 — CZ4 — JNZ 


1 /I 

-1.4 (7) 


pi p/r p-7 

Uz — C 1 — Co — C / 


—1 /o.l (3 ) 


C3U — JN 1 — CZ4 — JNZ 


1 "7Q "i /CA 

—i /y.i p j 


p. 1 p 1 p/: pc 
Ul — CI — Co — C5 


1 *7A C 

— 1 fy.j (3) 


CZ4 — JN Z — CZ j — CZ o 


n i 
-U.3 (0) 


p.o pi P£ pc 
Uz — C 1 — Co — CD 


1 1 /Q\ 

1.1 (8) 


LAW 1 — JN Z — CZ j — CZ 0 


ni c /c\ 
1 / I .j (j) 


pc Cf. CI PS 




CIA Ml T 1 ?*^ P?S 

tZ4 IN 1 tZD cZj 


1.1 


CI — C6 — C7 — C8 


176.8 (5) 


C30 — Nl — C26 — C25 


178.9 (6) 


C6— C7— C8— C9 


0.8 (8) 


N2— C25— C26— Nl 


-0.5 (9) 


C6— C7— C8— CI 3 


-178.1 (5) 


C29— N3— C27— N4 


0.6 (7) 


C7— C8— C9— CIO 


-175.8 (5) 


C31— N3— C27— N4 


-174.6(5) 


CI 3 — C8 — C9 — CIO 


3.1 (8) 


C28— N4— C27— N3 


-0.1 (7) 


C7— C8— C9— C4 


3.8 (8) 


Znl iv — N4 — C27— N3 


-168.4 (4) 


C13 — C8 — C9 — C4 


-177.3 (5) 


C27 — N4 — C28 — C29 


-0 5 (7) 


rs ca co rs 


u.u yo j 


Znl — JN4 — C2o — Ciy 


1 fSS 4 r4^ 

1 UO.4 J 


pi p/i po pq 
C3 — C4 Cy — Co 


1 nn i /c\ 
1 / 1.5 (J ) 


M/1 no POO Ml 

JN4 — C2o — C/y — JNJ 


U.o (oj 


pc p/i pn nn 

cd — C4 — cy — C 1 u 


I "7T n /c\ 

I I l.y (5) 


PT7 \n pin p^>o 

C2 / — SSi — c/y — Czo 


-0.8 (7) 


pi p/i pn nn 

cj — C4 — cy — C 1 0 


-3.2 (8) 


pi 1 \n pin pto 
C31 — JN3 — c/y — Cio 


1 /4.3 (0) 


pq pq n/i p 1 1 

Co — cy — c i u — c 1 1 


a 1 fQ\ 
0.1 (8) 


P7/i mi pin pn 
Ci4 — JN 1 — CjU — C3i 


— oO. 1 (/J 


p/i po n/i p 1 1 

C4 — cy — c i u — c 1 1 


1 "7Q ^ fZ\ 

— 1 ly.j [p ) 


po*; mi pin pio 
Cio — JN 1 — CJU — C3i 


yo.o {/) 


pn nn p 1 1 ni 
cy — CIO — CI 1 — Cli 


i r\ sew 

-3.o (y) 


PT7 Ml PI 1 PI A 

Ci / — JN3 — C3 1 — C34 


72.1 (7) 


pin pi i rn 
C1U — CI 1 — Cli — CI 3 


Z. / (1UJ 


POO ATI PI 1 Pl/1 

Ciy — JN J — C i 1 — C34 


1 m i /"7\ 
— 1UZ. l {/) 


pi 1 PIT f 1 1 pn 

CI 1 — Cli — C13 — Co 




mi pin pn pn 
JN 1 — C30 — C3i — C3 / 


i T/i n fz\ 
1 /4.V 


n pn rti n PIT 

C / — Co — C 1 3 — C 1 i 


1 /D.J {0) 


M1 pin pit pii 
JN 1 — C30 — C3i — C33 


-4.0 (o) 


cy — C o — C 1 3 — C 1 i 


-3.4 (9) 


pi"7 pn pii pti 
C3 / — C3i — C33 — C34 


U.4 (5) 


c^a pi n a c\ c 
C4 — Co — C 1 h — C 1 J 


llo.J [p) 


pin pn pn pi/i 
CJU — CJi — C53 — C34 


1 OA A fZ\ 

loU.U p ) 


p/i pi riyi no 
C4 — Co — C 1 4 c i y 


£A 1 /'7\ 

— 04. 1 yi) 


pn pii pi/i pic 
CJi — CJJ — C34 — C33 


-0.5 (9) 


pin pi 1 PIC p./; 

ciy — ci4 — ci5 — uo 


1 *7C /I ( Z\ 

— 1 /D.4 ( j) 


pn pii pi/i pi 1 
C3i — C33 — C34 — C3 1 


1 TO O 

1 /o.Z (j) 


PI p 1 /I pic p.£ 

C3 — C 14 — C 1 5 — Uo 


4.2 (8) 


Ml PI 1 PI A PI C 

JN3 — C31 — C3<H C35 


63.5 (7) 


pin pi i p 1 c pu 
Ciy — C14 — CI 3 — ClO 


3.2 (9) 


Ml PI 1 PI A Pll 

JN3 — C31 — C34 — C33 


IK 1 

— 113.1 (0) 


PI P11 PIC pi|(T 

C3 — C 14 — C 1 5 — C 1 o 


— 1 / 1 .1 \p) 


Pll Pl/1 PIC pii 

C33 — C34 — C35 — C3o 


1 1 /n\ 

1.1 (9) 


f~\£i Pi c p 1 /; P1"7 

Uo — C 1 5 — C 1 o — C 1 / 


179.3 (5) 


PI 1 PI A PIC Pl/I 

C31 — C34 — C35 — C3o 


-177.6 (5) 


C14— C15— C16— C17 


0.6 (9) 


C34— C35— C36— C37 


-1.8(10) 


U6— CI 5— CI 6— C2 


-1.6(8) 


C35— C36— C37— C32 


1.8(10) 


C14— C15— C16— C2 


179.7 (5) 


C33— C32— C37— C36 


-1.1 (9) 


05— C2— CI 6— C17 


178.3 (5) 


C30— C32— C37— C36 


179.3 (5) 


U4— C2— CI 6— CI 7 


-5.8 (8) 







Symmetry codes: (i) x-\,y, z; (ii) x~l, -y+3/2, z-1/2; (iii) x+\, -y+3/2, z+1/2; (iv) x+\,y, z. 



Hydrogen-bond geometry (A, °) 

Cgl, Cg2 and Cg3 are the centroids of the C8-C13, C18-C23 and C4-C9 rings, respectively. 

D—H-A D — H H-A D—A D—H-A 

U3— H3-U2 0.82 1.81 2.555 (5) 150. 
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06— H6-05 


0.82 


1.76 


2.502 (5) 


150 


C30— H30B-O6 v 


0.97 


2.54 


3.350 (7) 


141 


C26— H26-Cgl vi 


0.93 


2.79 


3.676 (8) 


161 


C29— H29-Cg2 vii 


0.93 


2.76 


3.502 (7) 


137 


C30— H30A-Cg3 vi 


0.97 


2.71 


3.628 (6) 


158 


Symmetry codes: (v) -x, 


-y+\, -z+1; (vi) -x,y-\ll, -z+1/2; (vii) 


-x+l, -y+\, -z+1. 
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